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Simulation of neural contour mechanisms: representing anomalous contours'
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Abstract

We present a computational model of a contour mechanism first identified by neurophysiological methods in monkey visual cortex. The
scope is the definition of occluding contours in static monocular images. The model employs convolutions and non-linear operations, but
does not require feedback loops. Contours are defined by the local response maxima of a contour operator applied in six orientations. The
operator sums the activities of a ‘C-operator’, sensitive to contrast borders and a ‘grouping operator’ that integrates collinear aggregations of
termination features, such as line-ends and corners. The grouping process is selective for termination features which are consistent with the
interpretation of occlusion. Contrast edges are represented by C-operators simulating the function of cortical complex cells, termination
features by ES-operators simulating the function of cortical end-stopped cells. The concepts of ortho and para curvilinear grouping are
introduced. Ortho grouping applies to terminations of the background, which tend to be orthogonal to the occluding contour. Para grouping
applies to discontinuities of the foreground and is used to interpolate the contour in the direction of termination. Both grouping modes also
identify the direction of figure and ground at such contours. The simulation reproduces well-known illusory figures, including curved Kanizsa
triangles and the circular disk of the four-armed Ehrenstein figure. Further, it improves the definition of occluding contours in natural, gray-

value images. © 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

In images of three-dimensional scenes, objects often
occlude one another and structures that are separated in
space may become contiguous. Therefore, the identification
of occluding contours (the lines of discontinuity in depth) is
a fundamental problem of vision.

We consider the formation of occluding contours a sta-
tistical process. In general there is some discontinuity at
these contours, a luminance or color contrast, a difference
in disparity or velocity, or some discontinuity of pattern.
Thus, the visual system can use different strategies, depend-
ing on the scene and the viewing conditions. Any of them
will fail under some conditions, and only a combination will
give a robust contour representation.

Here we discuss contour definition in static, monocular
images where cues of contrast and discontinuity of pattern
are available (we ignore here the focus cue). Since object
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contours are generally smooth, most images are rich in one-
dimensional structures such as edges and lines. This is why
anisotropic, orientation selective filters are suitable for the
detection of contrast-defined contours. For the same reason,
occlusion often produces terminations of such structures,
i.e. T-junctions, corners and line-ends. These features are
indicators of occlusion and can serve to identify occluding
contours, and to infer contours even when contrast fails
(‘anomalous contours’, contours with vanishing contrast).
This might be the basis of the perception of ‘illusory con-
tours’, and corresponding neuronal mechanisms have been
described in monkey visual cortex [2,3]. Based on these
findings, Peterhans et al. [4] proposed a neural model that
infers occluding contours (and thus also illusory contours)
by using the termination evidences mediated by end-
stopped cells.

We have shown previously [5] that points of strong two-
dimensional signal variation, a characteristic of
terminations, can be detected by operators akin to the
receptive field structures of end-stopped cells. These key-
point features provide complementary information to the
one-dimensional structures.






